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its subregions that can discriminate the acetabulum from the
femoral head. This technology will provide insightful information
into the progression of hip joint diseases such as osteoarthritis
and will therefore be very useful for monitoring the progression
in DMOAD clinical trials.
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Purpose: Manual analysis of MR images of articular cartilage
is tedious and suffers from inter- and intra-observer variability.
We report a novel inherently three-dimensional multi-surface
detection method for assessment of local cartilage thickness in
the entire joint. Our objectives were to 1) develop a 6-surface
segmentation approach for simultaneous detection of cartilage
and bone surfaces in the knee joint and 2) provide its initial
validation.
Methods: We report a fully 3D surface detection method capa-
ble of accurate, robust, and efﬁcient segmentation of bone and
cartilage surfaces (bone/cartilage, cartilage/synovial ﬂuid, syn-
ovial ﬂuid/cartilage, cartilage/bone) in all bones forming a joint.
Multiple interacting surfaces are detected simultaneously and the
solution optimality is controlled by surface-speciﬁc cost functions
and by geometric constraints deﬁning the surface smoothness
and interrelations. In the knee, six surfaces of the three bones
and their cartilages (femur, tibia, patella) are segmented. How-
ever, the method is general and can be applied to other joints
including the ankle, hip, wrist, etc. The method solves the sur-
face segmentation problem by transforming it into computing a
minimum s − t cut in a derived arc-weighted directed graph. As
the ﬁrst step, the bones forming the joint are segmented approx-
imately using a level set approach. Approximate segmentation
is sufﬁcient since the resulting bone surface is only used to
guide the 2nd step of accurate optimal graph-based multi-surface
segmentation. The cartilage and bone surfaces are identiﬁed
in pairs except in the areas of joint contact where four corre-
sponding surfaces are segmented in mutual inter-relationship.
The cartilage and bone surfaces are identiﬁed in the entire 3D
image for all involved bones and cartilages in a single global
optimization process, taking advantage of the contextual infor-
mation of the joint topology. The preliminary cartilage assess-
ment accuracy was determined in three MR T1-weighted 3D
image data sets of three knees with almost isometric voxel sizes
of 0.39×0.39×0.40mm. The bone and cartilage borders were
traced by expert orthopedist in 10 randomly selected image
slices from each of MR datasets and served as independent
standard. Bone and cartilage surface positioning errors were cal-
culated as the minimal distances between the manually-traced
and computer-determined surfaces along 60mm long surface
segments centered at the joint contact area.
Results: The automated cartilage segmentation method yielded
average signed surface positioning error of 0.13±0.90mm for
the bone and cartilage surfaces (subvoxel mean error). The
borders resulting from the analysis were not manually edited
and no borders were excluded. Fig. 1 shows the resulting 3D
segmentation in a randomly selected sagittal cross-section. Local
cartilage thickness was calculated from the detected surfaces as
shown in Figs. 2-4.
Conclusions: The reported method is a ﬁrst approach offering
simultaneous segmentation of the entire cartilage surfaces of all
bone objects of the knee joint considering the mutual joint con-
text. The method is applicable to ankle, hip, and other joints
and in the proof-of-concept performance assessment yielded
subvoxel accuracy.
